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Abstract

A reinvestigation of synthetic parkerite, NLBLSa has demonstrated that the unit cell is 4

times the volume of that previously reported (Michener and Peacock, 1943).lt has monoclinic
symmetry, most probable space group C2/m w:1rh a - 11.056, b = 8.085, c - 7.965 A,
p - 134.0". The larger cell was confirmed by single crystal X-ray diffraction data, but can be

deduced from the presence of extra lines in the powder pattern of a specimen which has been

annealed after grinding. This same technique revealed the rhombohedral distortion of shandite,
Ni"PbS", space group R3nz, previously thought to be dimensionally cubic. The unit cell of
shandite was found to be a - 5.591, c - lf .579 A. The Sn analogue of shandite, NiSn,Sa

reported for the first time, is hexagonal with a = 5.465, c - 13.196 A. We were unable to

synthesize any Mn, Fe, Co, or Cu analogs of the parkerite-shandite series.

Introduction

The impetus of solid state technology has created
an increased interest in phases which crystallize in
noncentrosymmetric space groups. Such phases often
have interesting optical and/or electrical properties.
Several reference books, including Crystal Data by
Donnay et al (1963) and Crystallographic Data on
Metal and Alloy Structures by Taylor and Kagle
(1963), have listed the compound NiBBi2S2 as be-
longing to the orthorhombic noncentrosymmetric
space group Cz,'-Pmm2 No. 25 of the Intern:qtional
Tables for X-ray Crystallography (1952). These
listings are the results of the paper by Michener and
Peacock (1943) who state, in part ". . . . a study
of the atomic arrangernent, now in progress, indicates
a structure with the symmetry of the space-group
Pmm2-C2,,a (pyramidal class-mm2)". A later paper
by Peacock and McAndrew ( 1950) on parkerite
(Ni3Bi2S2) and shandite (NiaPb2Sr) did not con-
tribute any further information on the structure of
parkerite.

A study of parkerite, shandite, and other materials
of similar chemical nature was therefore initiated in
order to further determine the crystallographic nature
of these phases and their chemical and physical
properties.

Experimental

The compositions examined in this study are in-
dicated in Table 1. The specimens were prepared by
heating about 10 grams of the appropriate mixture

of the end member elements in evacuated, sealed,

silica-glass tubes of 1.2 cm inner diameter and 8-10

cm in length. Heat treatment varied from 500o-

600'C to 1000'-1100'C depending on the chemical
nature of the mixture. In general an attempt was

made to obtain complete melting of the mixture

which was then heat treated in a "rocking furnace"

in order to insure chemical homogeneity. For those
materials which appeared to form a single phase'

appropriate experiments were performed to obtain
single crystals by the Bridgman technique.

For the composition 3Fe:2Bi:25, the mixture was
finally heated inductively to about 150O'C in a
graphite crucible contained in an evacuated silica-
glass tube in order to obtain complete melting.

Results

Table 1 shows that in addition to the previously
reported parkerite and shandite only one new phase
structurally related to this series has been found in
the present study, namely Ni3Sn2S2. Although the
Sn analogue of shandite was synthesized' the Sb
analogue of parkerite apparently does not exist' nor
do any of the phases with Mn, Fe, Co, or Cu sub-
stituted for Ni. No attempt was made in this study
to synthesize any Se or Te Phases.

The X-ray powder diffraction lines of the single
phases (synthetic parkerite, shandite, and NisSnzSz)
were all rather broad, apparently due to strain in-
duced by grinding. If the previously ground powder
was reheated in evacuated silica glass capsules at
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Tenre 1. Results of Attempted Synthesis of phases Struc-
turally Similar to Parkerite and Shanditet

CoDposlt lon Vlsual Observe!1on X-ray Analvses

-600oC, this strain could be annealed out. Very
sharp X-ray diffraction patterns then revealed addi_
tional details which were not observed bv Michener
and Peacock (1943) or Peacock and 

-McAndrew

(  1esO).

Parkerite, NhBi2S2

The mineral parkerite was named by Scholtz
( 1936) for material from South Africa and later was
described and characterized by Michener and pea-
cock ( 1943) in a study of ore minerals of the Sud-
bury area. For the mode of occunence the reader is
directed to this work of Michener and peacock
(1943). Parkerite was found to be identical to the
synthetic product NiBBi2Se previously prepared by
Schenck and von der Forst (1939). From rotation
and Weissenberg photographs of a cleavage fragment
of the mineral, Michener and peacock described the
unit cell as orthorhombic a = 4.OZ A. b = 5.52 A.
c = 5.72 A, space grotp Pmm2, Z : I. They state
that "fragments of natural and artificial parkerite are
all twinned intergrowths consisting of tablets bounded
by the eminent basal cleavage and transversed by
twin lamellae which are parallel to planes of the
form ( 1 1 1) of the main tablet),

The X-ray powder diffraction pattern for an an-
nealed specimen of synthetic parkerite is compared
in Table 2 with that of Michener and peacock
(1943). On the basis of single crystal precession
data, the unit cell cited by Michener and peacock
can be transformed by interchan ging a and b and
doubling all three axes. Indexing of the powder
pattern has been done on this orthogonal F_cen_
tered monoclinic cell with the former a as the unique
axis, for convenience. The indexing on the body_
centered and C-centered cells are shown for com_
parison.

The differences between the present cell and that
of Michener and Peacock are readily discernible in
the powder pattern of material which has been an-
nealed olter grinding. The annealed specimen was
prepared for the powder pattern without mechanical
deformation. With such treatment the X-ray parrern
shows very sharp narrow peaks. Numerous super_
structure lines can be seen that are not accounted
for by the unit cell of Michener and peacock (Ig43).
Most notable is the extra peak at 5.672 A. Single
crystal data indicate that this is actually a first order
reflection of the strong reflection at Z.gZe A. If the
orientation is kept the same, all three axes would
have to be doubled. It was proven that this is the

Ni3Bi2s2

N13Pb2S2

N13Sn2s2

Ni3sb2s2

Nt3cd2s2

Co 387 25 2

Co3Pb2s2

Fe3B12S2

Mn3Bi2S2

' " '1 '  ' 2 '2

Cu3Bi2s2

Honogeneous

Homogeneoua

Inconple!e react ion-
free Cd

S@11 spherical  shaped
p a r t  i c l e s *

Incomplele aeact ion

Incomplete reac! ion-
free Fe

Inconplete react lon-
free Mn

Inconplete reac!1on-
free Mn

lnconplete react ion-
free Cu

Parkerl te

Shandlte + PbS
Erace

Mostly B1 netal**

Mosl ly pent landite rype
phase Co958-Co4S3

Contains free Bi

Honogeneous Sn-Shandlte * SaS!"."a

Hohogeneous Single phase cublc sol id
solut lon of NISbS-ul loanlte

+I'en gp@ bqtches of qppopriate munts of the elenents M"e
aeLted ia sealed eoaeuaLed a' lae6 bubea.

*Mmy of the pqptieles are a,-ttnacted bg nagret.
*^Sare patticles haue rcnoclinic digtortion af Bi sttucture.

true unit cell by taking numerous zero and first level
precession patterns. The hll pattern was the most
significant, indicating monoclinic symmetry and
showing numerous weak spots present only for /r
and / : 2n -t | (F-centered cell).

The crystallographic data for parkerite, as
found in the present study, are therefore F-centered
monoclinic, a = 11.066 -f 0.001, 6 : 8.085 :r
0.001, c = 11.458 :t 0.001, F = 90.0o, calculated
specific gravity 8.53, measured 8.50. The new
cell has eight times the volume of the previous sub-
cell and a formula of 8(Ni3Bi2S2). A C-centered cell
may be chosen according to convention; this reduces
the c-dimension to 7.965 t 0.0O1 and changes B
to 134.0'. flowever, the body-centered cell has the
smallest a and c parameters, with a : c = 7.965 A
and B = 92". The probable space groups of the
C-centered cell are C2/m, No. 12), Cm (No. 8) or
C2 (No.5). The discovery of the larger true cell of
parkerite obviates the necessity of listing it as Pmm2
(No. 25) and removes it from the list of probable
non-centrosymmetric crystals.

The probable, idealized, atomic positions-taken
from Fleet's ( 1973 ) structure of parkerite but
modified for the monoclinic system-are shown in
Table 3 for the space group C2/m (No. 12). The
b and c axis of Fleet's orientation are interchanged
to conform with the observed monoclinic symmetry.
The powder pattern intensities calculated from these
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TesrB 2. X-ray Diffraction Powder Pattern of Synthetic Parkerite Ni"BLSI (CuKa

Radiation)
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atomic positions are in good qualitative agreement
with the observed values (see Table 2,5, as well as
with the unobserved values. However, there are still
some differences in detail and the atomic parameters
obviously need refinement.

It is apparent that the structure proposed by Fleet
(1973) is only an average and his proposed dis-
ordered arrangement of his Ni(2) in half occupancy
is incorrect. In reality this Ni atom (Ni(3) of Table
3) is apparently ordered, with adjacent subcells
either occupied or empty. This explains the negative
temperature factor observed by Fleet for his Ni(2)
atom as well as the poor R(0.096) for the ,.refined"
cell. The ordering of this Ni atom gives rise to the
superstructure requiring the larger cell. This can be
seen in the calculated intensities (Table 2) where
appreciable intensity occurs in many superstructure
spots (those with k odd). The monoclinic struc-
ture has fewer symmetry-flxed parameters, as only
4 Ni atoms, Ni(2), are in special crystallographic
positions. The proposed unrefined atomic positions
are shown in Figure 1, together with the conven_
tional orientation of the unit cell in the C-centered
orientations and the orthorhombic subcell of Fleet
(1973), and Michener and Peacock (1943).

Shandite, NhPb2S2

The mineral shandite was originally described and
named by Ramdohr (1950) from material from Trial
Harbour, Tasmania. It was found to have the com-
position NiBPbrS2 and was described as rhombohedral
(pseudocubic) a : 1l;15, c : 13.66A, d.r, : 90.0o,
at : 7.88 A; or possibly a smaller unit cell with
a"5 : 600, a,n : 5.576 A. Peacock and McAndrew
(1950) found a pseudocubic face centered rhombo-
hedral lattice with a,o : 5.576 A, d,r : 60o, R!m,
Z : l; Pb(l) at 000; Pb(2) at t/2, t/2, t/2;3Ni at
l /2,0,0; 25 at xxx, x:  0.285.

The X-ray powder diffraction pattern for an an-
nealed specimen of synthetic shandite is compared
in Table 4 with that of peacock and McAndrew
(1950). The annealed specimen shows line splitting
indicative of the true rhombohedral structure as op
posed to the findings of Peacock and McAndrew who
thought shandite to be dimensionally cubic although
symmetrically rhombohedral. The pattern could
easily be indexed on a hexagonal basis using the
relative intensities calculated by peacock and Mc-
Andrew (1950) as a guide to determine the nature
of the line splitting. The crystallographic conclusions
of Peacock and McAndrew for synthetic shandite are

Tesre 3. Probable Atomic Positions for
Parkerite, Ni"Bi,S" (unrefined parameters)*

4 B1(1) in ( i)  xoz (xt7/4, z+L/4)
4 Bi(z) 1n ( i)  xoz (x+114, z+3/4)

4 Ni(l) in (g) oyo (ytuIl4>
4 N1(2)  in  (e )  U4 7 /4  o
4 Ni(3) in ( i)  xoz (xt0.0185 , z+0.L96)

8 S in (J) xyz (x+O, y,vIl4, 2rllla)

* Z = 4, Spaee group C2/n, No. 1.2;
a=17.066, b:8.085,  c=7.9654, F134o

thus verified in the present work, not only by single
crystal data, but also by the powder diffraction pat-
tern itself. The unit cell dimensions of the hexagonal
cell, refined by least squares analysis of the powder

s ;11 ,21  1y -o ,7z t  Q
Ni( t ,2 )  (y ' -14 ,3 /41  O

N i  ( 3 ) ( y  " o )  O

,1 ; 1311 y -7e) @

-c' -

Frc. 1. Probable atomic positions projected onto (010)
for parkerite, Ni"Bi,SL. Four orthorhombic subcells (edges
d and C), as reported by Michener and Peacock (19,43)
and by Fleet (1973), are compared to the larger F-centered
orthogonal cell (edges 2d and. 2C'), the true C-centered
monoclinic unit cell (edges a and c), and the body centered
cel l  ( l ight dashed l ines).

/a

o@/

,/@

/1

o
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TlsrE 4. X-ray Diffraction Powder
Shandite, NLPb,S, (CuKa

Pattern of Synthetic
Radiation)

TesrE, 5. X-ray Diffraction Powder Pattern of Synthetic

Sn-Shandite, Ni'Sn-s, (CuKa Radiation)
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data, were found to be a = 5.591 +- 0.001. c :
13.579 :L 0.001 A, calculated specific gravity 8.87,
measured 8.65.

" Sn-Shandite", NftSn2S2

The new compound NirSnrS, was synthesized in the
present study by melting the constituent elements in
a sealed, evacuated, silica-glass tube. The X-ray
diffraction powder pattern of the annealed material
is given in Table 5. It may be noted that the hexagonal
line splitting of Sn-shandite is more exaggerated than
that of the Pb-shandite. However, it seems likely that
the two phases would form a complete series of solid
solutions as they have the same rhombohedral
symmetry, Rim, and very similar unit cell dimensions.
Indeed, Sn (as weil as Cu) was identified in spectro-
graphic analyses of NirBirS, by Michener and peacock
(1943). The refined unit cell dimensions of the hex-
agonal cell of NirSnrS, were found tobe a : 5.465 +
0.001, c : 13.196 + 0.001 A. fne calculated specific
gravity is 6.97; however, the single crystal fragments
available were not large enough for accurate measure-
ment. The synthesized boule seemed to contain three
phases with the specific gravity at the top measuring
6.41 and the bottom 7.37, possibly indicating in-
congruent melting.

Discussion

The reason for the occurrence of the sub-sulfide
phases in the parkerite-shandite series remains a
mystery. Ni is apparently the only transition metal
to form this series although there is no data on the
amount of Mn, Fe, Co, or Cu which might be in-
corporated in solid solution with the Ni compounds.
The obvious argument that NiS is the only one of
the series with a low-melting point, and thus makes
synthesis easy, does not appear to be the explanation.
Considerable effort was spent in obtaining complete
melting for the 3Fe:2Bi:25 composition without any

success in the formation of the phase. Craig, Barton,
and Sepenuk (1971) in an investigation of the
ternary Fe-Bi-S system also did not report any phase
at this composition.

There seems to be no logical reason for Sn to sub-
stitute for Pb in shandite while Sb does not substitute
(completely) for Bi in parkerite. Perhaps a study
of ternary selenides and tellurides of these metals
may help clarify the crystal chemical principles
underlying the formation of these chalcogenides.
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